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(57) In order to avoid interference efficiently and con-
trol the amount of radio resources that are not used for
interference avoidance, the present invention provides a
radio base station connected to a neighbor radio base
station via inter-radio base station interface. The radio
base station has: a radio communication section that per-
forms radio communication with a user terminal using a
UL/DL configuration indicating a configuration of uplink

and downlink subframes in a radio frame; an interference
detecting section that measures and detects interference
that the radio base station suffers from; and a selecting
section that uses an interference detection result as a
basis to determine which to apply to each subframe, be-
tween a resource allocation-unrestricted scheme and an
inter-cell uplink/downlink orthogonalization scheme.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a radio base
station applicable to a radio communication system sup-
porting Time Division Duplex (TDD), such a radio com-
munication system and a radio communication method.

BACKGROUND ART

[0002] In conventional arts, as duplex modes in radio
communication systems, there are known Frequency Di-
vision Duplex (FDD) for dividing uplink (UL) and downlink
(DL) by frequency and Time Division Duplex (TDD) for
dividing UL and DL by time (for example, see Non-Patent
Literature 1). In FDD, an uplink signal and a downlink
signal are transmitted and received with the same time
and different frequencies. On the other hand, in TDD, an
uplink signal and a downlink signal are transmitted and
received with the same frequency and different times.
[0003] In TDD of an LTE (Long Term Evolution) sys-
tem, there are defined UL/DL configurations each indi-
cating a ratio between UL subframes and DL subframes
in a radio frame (see Fig. 1). In the LTE system, as illus-
trated in Fig. 1, seven UL/DL configurations are defined.

CITATION LIST

NON-PATENT LITERATURE

[0004] Non-Patent Literature 1: 3GPP, TR25.912
(V7.1.0), "Feasibility study for Evolved UTRA and
UTRAN", Sept. 2006

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0005] Generally, UL traffic and DL traffic are given
asymmetrical. And, the ratio of UL traffic to DL traffic is
not fixed and varies with time and location. Accordingly,
in a radio communication system supporting TDD, in view
of effective use of radio resources, the UL/DL configura-
tion illustrated in Fig. 1 is preferably not fixed and changes
with time and location in accordance with fluctuation in
actual traffic.
[0006] Particularly, in TDD for the LTE Advanced (LTE-
A) system or later, in order to achieve effective use of
radio resources, study has been made of dynamic TDD
in which the transmission ratio of UL and DL is changed
on a transmission point basis dynamically in the time do-
main. In the dynamic TDD, however, if different trans-
mission directions are used in neighbor cells, there may
occur inter-radio base station, that is, inter-cell interfer-
ence, or inter-user terminal interference.
[0007] The present invention was carried out in view
of the foregoing and aims to provide a radio base station,

a radio communication system and a radio communica-
tion method capable of avoiding interference efficiently
and controlling the amount of radio resources that are
not used to avoid interference.

SOLUTION TO PROBLEM

[0008] The present invention provides a radio base sta-
tion connected to a neighbor radio base station via inter-
radio base station interface, the radio base station com-
prising: a radio communication section that performs ra-
dio communication with a user terminal using a UL/DL
configuration indicating a configuration of uplink sub-
frames and downlink subframes in a radio frame; an in-
terference detecting section that measures and detects
interference that the radio base station suffers from; and
a selecting section that uses an interference detection
result as a basis to determine whether or not to apply a
resource allocation-restricted inter-cell uplink/downlink
orthogonalization scheme to each subframe.

TECHNICAL ADVANTAGE OF THE INVENTION

[0009] According to the present invention, it is possible
to avoid interference efficiently and also possible to con-
trol the amount of radio resources that are not used to
avoid interference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a diagram for illustrating an example of the
UL/DL configurations;
Fig. 2 is a diagram for explaining inter-cell interfer-
ence;
Fig. 3 is a diagram for explaining inter-cell interfer-
ence;
Fig. 4 is a diagram for explaining fixed and flexible
subframes;
Fig. 5 provides diagrams for explaining communica-
tion schemes;
Fig. 6 is a diagram for explaining the interference
detection inter-cell uplink/downlink orthogonalizing
scheme according to an embodiment of the present
invention;
Fig. 7 is a flowchart illustrating an interference control
method according to a first embodiment;
Fig. 8 is a sequence diagram illustrating the interfer-
ence control method according to the first embodi-
ment;
Fig. 9 is a flowchart illustrating an interference control
method according to a second embodiment;
Fig. 10 is a sequence diagram illustrating the inter-
ference control method according to the second em-
bodiment;
Fig. 11 is a diagram schematically illustrating an ex-
ample of a radio communication system according
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to the present embodiment;
Fig. 12 is a diagram for explaining the overall con-
figuration of a radio base station according to the
present embodiment; and
Fig. 13 is a diagram for explaining the functional
structure of the radio base station according to the
present embodiment.

DESCRIPTION OF EMBODIMENTS

[0011] With reference to Fig. 2, description is made
about inter-cell interference in dynamic TDD.
[0012] In Fig. 2, radio communication by TDD is per-
formed between a radio base station in cell 1 and a user
terminal and between a radio base station in cell 2 and
a user terminal. As an example, the cell 1 in Fig. 2 uses
the UL/DL configuration 0 of much UL traffic. The cell 2
uses, as an example, the UL/DL configuration 5 of much
DL traffic.
[0013] In this case, in the subframe 4, the radio base
station in cell 1 performs UL transmission and the radio
base station in cell 2 performs DL transmission. That is,
in the same time and same frequency domain, the user
terminal in cell 1 transmits an uplink signal to the radio
base station and the radio base station in cell 2 transmits
a downlink signal to the user terminal.
[0014] Due to this situation that the neighbor cells have
different transmission directions in the same subframe,
there occurs interference. UL reception by the radio base
station in cell 1 is interfered by DL transmission by the
radio base station in cell 2 (inter-base station interfer-
ence). In addition, DL reception by the user terminal in
cell 2 is interfered by UL transmission by the user terminal
in cell 1 (inter-terminal interference).
[0015] As a result, in the subframe 4, the reception
quality of the user terminal in cell 2 and the reception
quality of the radio base station in cell 1 may be deteri-
orated. Generally, transmission power of a downlink sig-
nal transmitted from the radio base station is larger than
the transmission power of an uplink signal transmitted
from the user terminal. Therefore, the inter-base station
interference given from the downlink signal transmitted
from the radio base station to the uplink signal transmitted
from the user terminal has particularly greater impact.
[0016] On the other hand, as illustrated in Fig. 3, in the
subframe 3, the user terminal in cell 1 and the user ter-
minal in cell 2 both perform UL transmission. In addition,
in the subframe 1, the radio base station in cell 1 and the
radio base station in cell 2 both perform DL transmission.
In such a case, conventional interference management
designs such as eICIC (enhanced Inter-Cell Interference
Coordination) and CoMP (Coordinated Multi-Point) are
applicable.
[0017] In this way, in dynamic TDD, if radio base sta-
tions in neighbor cells are configured with different UL/DL
configurations, the subframe (for example, subframe 4)
in which the transmission direction differs between the
radio base stations is greatly affected by inter-cell inter-

ference, and particularly, inter-base station interference.
On the other hand, the subframe (for example, subframes
1, 3) in which the transmission direction is the same be-
tween the radio base stations is less affected by inter-
base station interference.
[0018] With reference to Fig. 4, description is made
about the subframe that is less affected by inter-base
station interference and the subframe that is much af-
fected by inter-base station interference. As illustrated in
Fig. 4, there are provided fixed subframes and flexible
subframes in a radio frame. The fixed subframe is a sub-
frame in which the transmission direction is fixed over
different UL/DL configurations. The flexible subframe is
a subframe in which the transmission direction is not fixed
over different UL/DL configurations. Accordingly, in the
flexible subframe, the transmission direction may be dif-
ferent between different UL/DL configurations. The flex-
ible subframe may be called a dynamic subframe.
[0019] In Fig. 4, the subframes 0, 1, 2, 5, 6 are fixed
subframes in which the transmission direction is fixed
over the UL/DL configurations 0 to 6. The subframes 0,
1, 5, 6 are all configured as downlink subframes over the
UL/DL configurations 0 to 6. Here, the special subframe
is a subframe that is switchable between a downlink sub-
frame and an uplink subframe, and is mainly used on
downlink. Therefore, the special subframe can be regard-
ed as a downlink subframe. Besides, the subframe 2 is
configured as an uplink subframe over the UL/DL con-
figurations 0 to 6.
[0020] Further, in Fig. 4, the subframes 3, 4, 7, 8, 9 are
flexible subframes in which the transmission direction is
not fixed over the UL/DL configurations 0 to 6. For ex-
ample, as for the subframe 3, it is configured as an uplink
subframe for the UL/DL configurations 0, 1, 3, 4, 6 and
is also configured as a downlink subframe for the UL/DL
configurations 2, 5 so that the uplink and downlink sub-
frames coexist. Likewise, as for the subframes 4, 7, 8, 9,
uplink and downlink subframes coexist.
[0021] In the fixed subframe, even when the radio base
stations in neighbor cells are configured with different
UL/DL configurations, the transmission direction is the
same and there is less influence of inter-base station
interference. On the other hand, in the flexible subframe,
when the radio base stations in neighbor cells are con-
figured with different UL/DL configurations, if the trans-
mission directions are different, the inter-base station in-
terference exerts much influence.
[0022] Here, the fixed and flexible subframes are not
limited to those illustrated in Fig. 4, and may be modified
appropriately in accordance with the UL/DL configuration
to use.
[0023] As a method for reducing such inter-cell inter-
ference, there is known restricted inter-cell uplink/down-
link orthogonalization dynamic TDD based on frequency
domain resource allocation as illustrated in Fig. 5B (here-
inafter referred to as "inter-cell uplink/downlink orthogo-
nalization"). In the inter-cell uplink/downlink orthogonal-
ization dynamic TDD, UL and DL are allocated with or-
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thogonal resources. Therefore, in the inter-cell up-
link/downlink orthogonalization dynamic TDD, there is no
overlap of UL subframe and DL subframe in the same
frequency domain thereby to allow reduction in inter-cell
interference. On the other hand, the use efficiency of re-
sources for the inter-cell uplink/downlink orthogonaliza-
tion dynamic TDD is reduced as compared with the dy-
namic TDD with no restriction in resource allocation as
illustrated in Fig. 5A.
[0024] Then, there has been proposed improved inter-
cell uplink/downlink orthogonalization TDD as illustrated
in Fig. 5C. In the improved inter-cell uplink/downlink or-
thogonalization TDD, the dynamic TDD with no restriction
in resource allocation is applied to the fixed subframes
and inter-cell uplink/downlink orthogonalization is ap-
plied to the flexible subframes. In the improved inter-cell
uplink/downlink orthogonalization TDD, the resource use
efficiency is improved as compared with the inter-cell up-
link/downlink orthogonalization dynamic TDD.
[0025] However, the above-mentioned method is not
suitable for actual interfering situations and may contrib-
ute to unnecessary prevention of use of resources. Then,
the present inventors have found the idea of interference
detection inter-cell uplink/downlink orthogonalization
scheme in which when strong interference is detected,
the improved inter-cell uplink/downlink orthogonalization
scheme is used to protect UL transmission and when the
interference level is very limited or small, the dynamic
TDD with no restriction in resource allocation is used to
enhance the efficiency of frequency use.
[0026] The interference detection inter-cell up-
link/downlink orthogonalization scheme is able to be im-
plemented, for example, by a static configuration based
on measurement of inter-base station interference. Or,
the interference detection inter-cell uplink/downlink or-
thogonalization scheme is able to be implemented by a
dynamic configuration based on instantaneous interfer-
ence measurement. When the dynamic configuration is
applied, the inter-base station interference may be meas-
ured directly or all interference levels may be measured.
Or, two interference levels, for example, interference in
fixed subframes and interference in flexible subframes
may be measured respectively.
[0027] With reference to Fig. 6, description is made
about the interference detection inter-cell uplink/down-
link orthogonalization scheme.
[0028] When strong inter-base station interference is
detected in neighbor cells like cell 1 and cell 2 illustrated
in Fig. 6, in order to prevent an uplink signal transmitted
from the user terminal from being affected by the inter-
ference, the improved inter-cell uplink/downlink orthog-
onalization TDD is applied in the radio base stations in
cell 1 and cell 2. Oh the other hand, when the interference
level is very restricted in an isolated cell, like cell 3, in
order to enhance the scheduling effect, the resource al-
location-unrestricted dynamic TDD is applied in the radio
base station in cell 3.
[0029] Change of the communication (resource allo-

cation) method is performed by static or semi-static se-
lection or by dynamic or adaptive selection. The static or
semi-static selection of the communication method is de-
scribed in the first embodiment and the dynamic or adap-
tive selection of the communication method is described
in the second embodiment.

(First Embodiment)

[0030] In the first embodiment, description is made
about static or semi-static change between the resource
allocation-unrestricted scheme and the inter-cell up-
link/downlink orthogonalization scheme. In the first em-
bodiment, the radio base station measures RSRP (Ref-
erence Signal Received Power) of a neighbor radio base
station and determines which communication scheme to
use between the resource allocation-unrestricted
scheme and inter-cell uplink/downlink orthogonalization
scheme.
[0031] Fig. 7 is a flowchart illustrating an interference
control method according to the first embodiment. First,
as illustrated in Fig. 7, each radio base station measures
a path loss (PLBS-NS) between the radio base station in
the subject cell and a radio base station in a neighbor
cell (Step ST101). The path loss is measured based on
RSRP of the neighbor cell, irrespective of whether or not
the radio base station in the neighbor cell transmits data
signals. Regarding whether the neighbor cell is active or
not, it may be recognized by performing measurement
and reconfiguration semi-statically.
[0032] For example, measurement of RSRP in the
neighbor cell may use the method of HeNB (Home eNB)
again, and does not affect other specifications.
[0033] Then, the measured path loss PLBS-NS is com-
pared with a threshold PLThres (Step ST102). Then, when
the path loss PLBS-NS is smaller than the threshold
PLThres (Step ST102: yes), the inter-cell uplink/downlink
orthogonalization scheme is applied (Step ST103).
When the path loss PLBS-NS is equal to or greater than
the threshold PLThres (Step ST102: no), the resource al-
location-unrestricted scheme is applied (Step ST104).
This is because the radio base station with a smaller
PLBS-NS receives stronger interference.
[0034] Here, with reference to Fig. 8, description is
made about a specific example of the interference control
method according to the first embodiment. First, the radio
base station 1 (eNB 1) measures interference from the
radio base station 2 (eNB 2) (Step ST111). When strong
interference is detected (Step ST112), the radio base
station 1 requests the radio base station 2 to apply the
inter-cell uplink/downlink orthogonalization scheme, for
example, to subframes 3, 8 (Step ST113). In response
to the request, the radio base station 2 applies the inter-
cell uplink/downlink orthogonalization scheme to the sub-
frames 3, 8 (Step ST114) and signals it to the radio base
station 1 (Step ST115). Then, the radio base station 1
applies the inter-cell uplink/downlink orthogonalization
scheme to the subframes 3, 8 (Step ST116).
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[0035] Thus, the resource allocation-unrestricted
scheme and the inter-cell uplink/downlink orthogonaliza-
tion scheme may be used separately on a subframe basis
in the flexible subframes.

(Second Embodiment)

[0036] In the second embodiment, description is made
about dynamic or adaptive change between the resource
allocation-unrestricted scheme and the inter-cell up-
link/downlink orthogonalization scheme. The interfer-
ence state greatly differs between the fixed UL subframe
and the flexible UL subframe. Then, as a method for de-
tecting strong inter-base station interference, this differ-
ence is used effectively.
[0037] Fig. 9 is a flowchart illustrating the interference
control method according to the second embodiment. As
illustrated in Fig. 9, first, each radio base station meas-
ures instantaneous interference or averaged interfer-
ence in fixed subframes (Step ST201). In addition, each
radio base station measures instantaneous interference
or averaged interference in flexible subframes (Step
ST202).
[0038] At this time, the radio base station does not need
to identify an interference source. In addition, the inter-
ference measurement reflects a scheduling condition of
the neighbor cell. Here, the concept of CSMA/CA (Carrier
Sense Multiple Access with Collision Avoidance) is ap-
plied.
[0039] Next, based on the measurement results in Step
ST201, ST202, the inter-base station interference is de-
tected (Step ST203). When inter-base station interfer-
ence is detected (Step ST204: yes), the inter-cell up-
link/downlink orthogonalization scheme is applied (Step
ST205). When the inter-base station interference is not
detected (Step ST204: no), the resource allocation-un-
restricted scheme is applied (Step ST206).
[0040] For interference measurement, the radio base
station measures, for example, multiple CSI (Channel
State Information). In the second embodiment, the radio
base station may measure CSI in at least one fixed sub-
frame and CSI in at least one flexible subframe. Besides,
the radio base station signals the selected communica-
tion scheme to the radio base station in the neighbor cell
by backhaul signaling.
[0041] Here, with reference to Fig. 10, description is
made about a specific example of the interference control
method according to the second embodiment. First, the
radio base station 1 (eNB 1) measures interference in
the fixed subframe and interference in the flexible sub-
frame, separately (Step ST211). When strong interfer-
ence is detected (Step ST212), the radio base station 1
applies the inter-cell uplink/downlink orthogonalization
scheme, for example, in subframes 3, 8 (Step ST213).
Then, the radio base station 1 signals the application of
the inter-cell uplink/downlink orthogonalization scheme
to the subframes 3, 8 to the radio base station 2 (eNB 2)
(Step ST214).

[0042] The radio base station 2 may apply the inter-
cell uplink/downlink orthogonalization scheme to the sub-
frames 3, 8 based on this information (Step ST215). In
this case, the radio base station 2 signals, to the radio
base station 1, application of the inter-cell uplink/down-
link orthogonalization scheme to the subframes 3, 8 (Step
ST216). Application of Steps ST215, ST216 to the radio
base station 2 is not compulsory.
[0043] Next description is made about the system re-
quirements to implement the above-mentioned first and
second embodiments.
[0044] First description is made about interference
measurement in each radio base station. In the first em-
bodiment, for example, the radio base station is able to
measure the interference by measuring RSRP. As the
method for measuring the RSRP, the HeNB method may
be used again.
[0045] In the second embodiment, the overall interfer-
ence received by the radio base station is estimated by
measuring interference in the flexible subframes and in-
terference in the fixed subframes. In order to measure
the interference, for example, the radio base station may
measure CSI. At this time, as CSI-RS (Channel State
Information Reference Signal) used in CSI measure-
ment, the radio base station may use zero-power CSI-
RS for interference measurement. The zero-power CSI-
RS is a CSI-RS that is muted by allocating no transmis-
sion power to a resource.
[0046] Besides, each radio base station may measure
interference assuming that inter-cell uplink/downlink or-
thogonalization scheme is applied to the radio base sta-
tion in the neighbor cell.
[0047] Next description is made about interference
control between radio base stations. The radio base sta-
tions are connected to each other via inter-base station
interface such as X2 interface. Interference control be-
tween radio base stations is implemented by backhaul
signaling via inter-base station interface.
[0048] First, description is made about interference
control between radio base stations that is commonly
adopted in the first and second embodiments. A radio
base station transmits information about the following (1)
to (4) to a radio base station in a neighbor cell via inter-
base station interface.

(1) Information about the selection between inter-cell
uplink/downlink orthogonalization scheme and the
resource allocation-unrestricted scheme;
(2) Information about a subframe to which the inter-
cell uplink/downlink orthogonalization scheme ap-
plies;
(3) Information about a currently used UL/DL config-
uration, which information is used to be able to derive
a subframe to which the inter-cell uplink/downlink
orthogonalization scheme is applied by the radio
base station in the neighbor cell;
(4) Interference index, which index is used to be able
to determine whether or not the radio base station
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selects the inter-cell uplink/downlink orthogonaliza-
tion scheme.

[0049] In the first embodiment, the radio base station
requests that a specific neighbor radio base station
should be applied with the inter-cell uplink/downlink or-
thogonalization scheme. Regarding which radio base
station to request, it can be identified by a reference sig-
nal pattern.
[0050] In the second embodiment, a radio dbase sta-
tion transmits muting resource pattern information of ze-
ro-power CSI-RSs or the like to a radio base station in a
neighbor cell via inter-base station interface. Based on
this information, the radio base station in the neighbor
cell is able to perform interference detection or estimation
more accurately.
[0051] As described up to this point, by application of
the interference detection inter-cell uplink/downlink or-
thogonalization scheme according to the present embod-
iment, interference to the radio base station is measured
and detected, and this interference detection result is
used as a basis to determine which to apply to each sub-
frame, between the resource allocation-unrestricted
scheme and the inter-cell uplink/downlink orthogonaliza-
tion scheme. With this structure, it is possible to avoid
inter-base station interference effectively without sup-
pressing resource use unnecessarily.

(Configuration of Radio Communication System)

[0052] The following description is made about the
configuration of a radio communication system according
to the present embodiment. This radio communication
system is applied with the interference control method
according to the above-mentioned first or second em-
bodiment.
[0053] Fig. 11 is a diagram schematically illustrating
the configuration of a radio communication system ac-
cording to the present embodiment. As illustrated in Fig.
11, the radio communication system 1 includes a macro
base station 11 forming a macro cell C1 as a first cell and
small base stations 12 (12a, 12b)that are located within
the macro cell C1 and each form a small cell C2 as a
second cell that is smaller than the macro cell C1. In the
macro cell C1 and small cells C2, user terminals 20 are
located. Here, the macro cell C1 (macro base station 11),
the small cells C2 (small base stations 12) and the user
terminals 20 are not limited in number to those illustrated
in Fig. 11.
[0054] In the macro cell C1 and small cells C2, the user
terminals 20 are located. Each user terminal 20 is con-
figured to be able to perform radio communication with
the macro base station 11 and/or small base station 12.
The user terminal 20 is also able to communicate with a
plurality of small base stations 12 by aggregating com-
ponent carriers used in each small cell C2 (carrier ag-
gregation). Or, the user terminal 20 is able to communi-
cate with the macro base station 11 and small base sta-

tion 12 by aggregating component carriers used in the
macro cell C1 and component carriers used in the small
cell C2.
[0055] Communication between the user terminal 20
and the macro base station 11 is performed using a car-
rier of relatively low frequency band (for example, 2GHz).
On the other hand, communication between the user ter-
minal 20 and the small base station 12 is performed using
a carrier of relatively high frequency band (for example,
3.5 GHz), but the carrier is not limited to this. Communi-
cation with the macro base station 11 may be performed
with the same frequency band as communication with
the small base station 12.
[0056] In addition, the macro base station 11 and each
small base station 12 may be connected by a relatively
low-speed (middle delay) link such as X2 interface (Non-
Ideal backhaul) or by a relatively high-speed (low delay)
link such as an optical fiber (Ideal backhaul) or by any
radio link. The small base stations 12 are also connected
to each other by a relatively low-speed (middle delay)
link such as X2 interface (Non-Ideal backhaul) or by a
relatively high-speed (low delay) link such as an optical
fiber (Ideal backhaul) or by any radio link.
[0057] The macro base station I1 and the small base
stations 12 are each connected to a higher station appa-
ratus 30 and also to a core network 40 via the higher
station apparatus 30. The higher station apparatus 30
includes, but is not limited to, for example, an access
gateway apparatus, a radio network controller (RNC) and
a mobility management entity (MME).
[0058] The macro base station 11 is a radio base sta-
tion having a relatively wide coverage area and may be
called eNodeB (eNB), radio base station, transmission
point or the like. The small base station 12 is a radio base
station having a local coverage area and may be called
RRH (Remote Radio Head), pico base station, femto
base station, Home eNodeB (HeNB), transmission point,
eNodeB (eNB) or the like. The user terminal 20 is a ter-
minal supporting various communication schemes such
as LTE, LTE-A and may include not only a mobile com-
munication terminal but also fixed or stationary commu-
nication terminal.
[0059] The radio communication system 1 is applied,
as a duplex scheme, with time division duplex (TDD) in
which time is divided by uplink and downlink. The radio
communication system 1 also uses the UL/DL configu-
ration that indicates a ratio of uplink and downlink sub-
frames in a radio frame.
[0060] In the radio communication system 1, used as
downlink channels are a downlink shared channel (PD-
SCH: Physical Downlink Shared Channel) that is used
by each user terminal 20 on a shared basis, a downlink
control channel (PDCCH: Physical Downlink Control
Channel, EPDCCH: Enhanced Physical Downlink Con-
trol Channel), PCFICH, PHICH, and a broadcast channel
(PBCH). The PDSCH is used to transmit user data and
higher layer control information. PDCCH and EPDCC are
used to transmit downlink control information (DCI).
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[0061] In the radio communication system 1, used as
uplink communication channels are an uplink shared
channel (PUSCH: Physical Uplink Shared Channel) that
is used by each user terminal 20 on a shared basis, an
uplink control channel (PUCCH: Physical Uplink Control
Channel) and the like. The PUSCH is used to transmit
user data and higher layer control information. And, the
PUCCH is used to transmit downlink radio quality infor-
mation (CQI: Channel Quality Indicator), transmission
acknowledgement information (ACK/NACK) and so on.
[0062] Fig. 12 is a diagram illustrating the entire con-
figuration of the radio base station 10 (including radio
base stations 11 and 12) according to the present em-
bodiment. The radio base station 10 has a plurality of
transmission/reception antennas 101 for MIMO trans-
mission, amplifying sections 102, transmission/reception
sections 103, a baseband signal processing section 104,
a call processing section 105 and an interface section
106.
[0063] User data transmitted from the radio base sta-
tion 10 to a user terminal 20 on downlink is input from
the higher station apparatus 30 to the baseband signal
processing section 104 via the interface section 106.
[0064] In the baseband signal processing section 104,
signals are subjected to PDCP layer processing, RLC
(Radio Link Control) layer transmission processing such
as division and coupling of user data and RLC retrans-
mission control transmission processing, MAC (Medium
Access Control) retransmission control, including, for ex-
ample, HARQ transmission processing, scheduling,
transport format selection, channel coding, inverse fast
Fourier transform (IFFT) processing, and precoding
processing, and are transferred to each transmission/re-
ception section 103. As for downlink control channel sig-
nals, transmission processing is performed, including
channel coding and inverse fast Fourier transform, and
resultant signals are transferred to each transmission/re-
ception section 103.
[0065] Each transmission/reception section 103 re-
ceives baseband signals that are precoded per antenna
and output from the baseband signal processing section
104 and converts the signals into a radio frequency band.
Each amplifying section 102 amplifies frequency-con-
verted radio frequency signals, which are then transmit-
ted from each transmission/reception antenna 101.
[0066] Meanwhile, as for data transmitted from the us-
er terminal 20 to the radio base station 10 on uplink, radio
frequency signals received by each transmission/recep-
tion antenna 101 are amplified by each amplifying section
102, subjected to frequency conversion in each trans-
mission/reception section 103 and converted into base-
band signals and the converted signals are then input to
the baseband signal processing section 104.
[0067] The baseband signal processing section 104
performs FFT (Fast Fourier Transform) processing, IDFT
(Inverse Discrete Fourier Transform) processing, error
correction decoding, MAC retransmission control recep-
tion processing, and RLC layer and PDCP layer reception

processing on user data included in the input baseband
signals. The signals are then transferred to the higher
station apparatus 30 via the interface section 106. The
call processing section 105 performs call processing
such as setting up and releasing of a communication
channel, manages the state of the radio base station 10
and manages the radio resources.
[0068] The interface section 106 performs transmis-
sion and reception of signals with a neighbor radio base
station via inter-radio base station interface such as X2
interface. Or, the interface section 106 performs trans-
mission and reception of signals with the higher station
apparatus 30 via given interface.
[0069] Fig. 13 is a diagram illustrating a main functional
structure of the baseband signal processing section 104
provided in the radio base station 10 according to the
present embodiment. In Fig. 13, functional structures of
the radio base station 10a and the neighbor radio base
station 10b are described separately for convenience of
explanation, but, these functional structures may be pro-
vided in one radio base station 10. The radio base station
10a and neighbor radio base station 10b may be two
macro base stations 11, two small base stations 12, or
combination of one macro base station 11 and one small
base station 12.
[0070] As illustrated in Fig. 13, the radio base station
10a has an interference detecting section 201, a select-
ing section 202, an UL/DL configuration determining sec-
tion 203, a scheduling section 204 and a radio commu-
nication section 205.
[0071] The interference detecting section 201 meas-
ures and detects interference that the radio base station
10a suffers from. The interference detecting section 201
measures interference, for example, by measuring
RSRP of the neighbor radio base station 10b. In addition,
the interference detecting section 201 estimates overall
interference that the radio base station 10a suffers from,
for example, by measuring interference in each of fixed
and flexible subframes. Or, the interference detecting
section 201 measures interference by assuming that the
neighbor radio base station 10b is applied with the inter-
cell uplink/downlink orthogonalization scheme.
[0072] The selecting section 202 selects which to apply
to each subframe, between the resource allocation-un-
restricted scheme and the inter-cell uplink/downlink or-
thogonalization scheme, based on an interference de-
tection result in the interference detecting section 201.
Specifically, when strong interference is detected in the
interference detecting section 201, the selecting section
202 applies the inter-cell uplink/downlink orthogonaliza-
tion scheme.
[0073] Or, the selecting section 202 selects the re-
source allocation-unrestricted scheme for all fixed sub-
frames in the UL/DL configuration and also selects either
the resource allocation-unrestricted scheme or the inter-
cell uplink/downlink orthogonalization scheme to each
flexible subframe in the UL/DL configuration.
[0074] The communication scheme to apply to each
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subframe selected by the selecting section 202 is trans-
mitted to the neighbor radio base station 10b from the
interface section 106. Or, a request for application of the
inter-cell uplink/downlink orthogonalization scheme
based on the communication scheme to apply to each
subframe is transmitted from the interface section 106 to
the neighbor radio base station 10b. Or, the muting re-
source pattern information of zero-power CSI-RSs or the
like is transmitted from the interface section 106 to the
neighbor radio base station 10b.
[0075] The UL/DL configuration determining section
203 determines a UL/DL configuration to use for radio
communication with the user terminal 20. The UL/DL con-
figuration determining section 203 may determine the
UL/DL configuration based on traffic information dynam-
ically or semi-statically. The determined UL/DL configu-
ration is provided to the user terminal 20, for example,
by the downlink control channel (PDCCH, EPDCCH)
broadcast channel (PBCH), SIB (System Information
Block) or RRC signaling.
[0076] The scheduling section 204 performs allocation
radio resources to the user terminal 20, that is, schedul-
ing, based on the communication scheme selected in the
selecting section 202.
[0077] The radio communication section 205 performs
radio communication with the user terminal 20 by using
the communication scheme selected in the selecting sec-
tion 202 and the UL/DL configuration determined in the
UL/DL configuration determining section 203. Specifical-
ly, the radio communication section 205 performs trans-
mission processing of downlink signals to the user ter-
minal 20, including coding and modulation, in accordance
with a scheduling result in the scheduling section 204.
Or, the radio communication section 205 performs re-
ception processing of uplink signals from the user termi-
nal 20, including demodulation and decoding.
[0078] On the other hand, the neighbor radio base sta-
tion 10b includes an interference control section 301, a
UL/DL configuration determining section 302, a sched-
uling section 303 and a radio communication section 304.
[0079] The interference control section 301 performs
interference control by applying either the resource allo-
cation-unrestricted scheme or the inter-cell uplink/down-
link orthogonalization scheme, based on information
about the communication scheme transmitted from the
radio base station 10a.
[0080] The UL/DL configuration determining section
302 determines a UL/DL configuration used in radio com-
munication with the user terminal 20. The UL/DL config-
uration determining section 302 may determine the
UL/DL configuration based on instruction information
from the interference control section 301, traffic informa-
tion or the like, dynamically or semi-statically. The deter-
mined UL/DL configuration is provided to the user termi-
nal 20, for example, by the downlink control channel (PD-
CCH, EPDCCH), broadcast channel (PBCH), SIB (Sys-
tem Information Block), RRC signaling or the like.
[0081] The scheduling section 303 performs allocation

of radio resources to the user terminal 20, that is, sched-
uling, based on instruction information from the interfer-
ence control section 301 and so on.
[0082] The radio communication section 304 performs
radio communication with the user terminal 202 using
the communication scheme selected in the interference
control section 301 and the UL/DL configuration deter-
mined in the UL/DL configuration determining section
302. Specifically, the radio communication section 304
performs transmission processing of downlink signals to
the user terminal 20, including coding and modulation,
in accordance with a scheduling result by the scheduling
section 303. The radio communication section 304 per-
forms reception processing of uplink signals from the us-
er terminal 20, including demodulation and decoding.
[0083] As described up to this point, in the radio com-
munication system 1 according to the present embodi-
ment, either of the resource allocation-unrestricted
scheme or the inter-cell uplink/downlink orthogonaliza-
tion scheme is selected for each subframe, based on an
interference detection result in the radio base station 10a.
Information about this communication scheme is signal-
ed from the radio base station 10a to the neighbor radio
base station 10b via inter-base station interface. With this
structure, it is possible to reduce influence of inter-cell
interference.
[0084] Up to this point, the present invention has been
described in detail by way of the above-described em-
bodiments. However, a person of ordinary skill in the art
would understand that the present invention is not limited
to the embodiments described in this description. The
present invention could be embodied in various modified
or altered forms without departing from the gist or scope
of the present invention defined by the claims. For ex-
ample, the above-described plural embodiments may be
adopted in combination. Therefore, the statement in this
description has been made for the illustrative purpose
only and not to impose any restriction to the present in-
vention.
[0085] The disclosure of Japanese Patent Application
No. 2013-125407 filed on June 14, 2013, including the
specification, drawings, and abstract, is incorporated
herein by reference in its entirety.

Claims

1. A radio base station connected to a neighbor radio
base station via inter-radio base station interface,
the radio base station comprising:

a radio communication section that performs ra-
dio communication with a user terminal using a
UL/DL configuration indicating a configuration
of uplink and downlink subframes in a radio
frame;
an interference detecting section that measures
and detects interference that the radio base sta-
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tion suffers from; and
a selecting section that uses an interference de-
tection result as a basis to determine whether
or not to apply a resource allocation-restricted
inter-cell uplink/downlink orthogonalization
scheme to each subframe.

2. The radio base station according to claim 1, wherein
the selecting section selects a resource allocation-
unrestricted scheme for each fixed subframe in the
UL/DL configuration and selects either the resource
allocation-unrestricted scheme or the inter-cell up-
link/downlink orthogonalization scheme for each
flexible subframe in the UL/DL configuration.

3. The radio base station according to claim 1, wherein
the interference detecting section measures the in-
terference by measuring Reference Signal Received
Power (RSRP) of the neighbor radio base station.

4. The radio base station according to claim 1, wherein
the interference detecting section measures all the
interference that the radio base station suffers from
by measuring interference in a fixed subframe and
measuring interference in a flexible subframe.

5. The radio base station according to claim 1, wherein
the interference detecting section measures the in-
terference by assuming the inter-cell uplink/downlink
orthogonalization scheme is applied in the neighbor
radio base station.

6. The radio base station according to claim 1, further
comprising an interference section that transmits a
communication scheme to apply to each subframe
to the neighbor radio base station via the inter-radio
base station interface.

7. The radio base station according to claim 1, further
comprising an interference section that transmits a
request to apply the inter-cell uplink/downlink orthog-
onalization scheme based on a communication
scheme to apply to each subframe to the neighbor
radio base station via the inter-radio base station in-
terface.

8. The radio base station according to claim 1, further
comprising an interference section that transmits
muting resource pattern information to the neighbor
radio base station via the inter-radio base station in-
terface.

9. A radio communication system in which a radio base
station is connected to a neighbor radio base station
via inter-radio base station interface,
the radio base station comprising:

a radio communication section that performs ra-

dio communication with a user terminal using a
UL/DL configuration indicating a configuration
of uplink and downlink subframes in a radio
frame;
an interference detecting section that measures
and detects interference that the radio base sta-
tion suffers from;
a selecting section that uses an interference de-
tection result as a basis to determine which to
apply to each subframe, between a resource al-
location-unrestricted scheme and an inter-cell
uplink/downlink orthogonalization scheme; and
an interference section that transmits a commu-
nication scheme to apply to each subframe to
the neighbor radio base station via the inter-ra-
dio base station interface, and

the neighbor radio base station comprising:

an interface section that receives information
about the communication scheme from the radio
base station; and
an interference control section that uses the in-
formation about the communication scheme as
a basis to perform interference control by apply-
ing either the resource allocation-unrestricted
scheme or the inter-cell uplink/downlink orthog-
onalization scheme to each subframe.

10. A radio communication method for a radio base sta-
tion that is connected to a neighbor radio base station
via inter-radio base station interface, the radio com-
munication method comprising the steps of:

performing radio communication with a user ter-
minal using a UL/DL configuration indicating a
configuration of uplink and downlink subframes
in a radio frame;
measuring and detecting interference that the
radio base station suffers from; and
using an interference detection result as a basis
to determine which to apply to each subframe,
between a resource allocation-unrestricted
scheme and an inter-cell uplink/downlink or-
thogonalization scheme.
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